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General optical state truncation and its teleportation
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A setup is proposed in which the number-state expansion of a one-mode traveling-wave optical field is
truncated so as to leave its vacuum, one-, and two-photon components. The process is a realization of quantum
teleportation on a three-state basis. The possibility of generalization to thenficetmponents is also
considered.

PACS numbe(s): 42.50.Dv, 03.65.Bz

I. INTRODUCTION traveling-wave electromagnetic field.
Quantum scissors are capable of converting a classical

Quantum teleportation, invented by Bennettal. [1], is state to a highly nonclassical one. For example, if the input is
one of the essential primitives of quantum communication. Ita low-intensity coherent state, the truncation yields a coher-
relies on quantum entanglement, one of the most peculiagnt superposition of vacuum and one-photon states. This
fundamental features of quantum mechanics, especially intate is known to possess squeezing propeftiBs and can
the nonlocal case. Not surprisingly several realizations obe used as a reference state of projection syntti&6id 7.
guantum teleportation have been propof2d6] and some The quantum scissors work for othéeven mixed input
of them have been realized experimentdlfy-11]. states too; thus they are capable of generating several kinds

Quantum teleportation exploits the von Neumann projecof superpositions and mixtures of vacuum and one-photon
tion principle, which has also been applied in quantum statstates. The question arises naturally, as to whether the class
design: measurements can bring a physical system to a def preparable states can be enlarged. One possibility is that
sired quantum state. In schemes of this kind, several ouef Daknaet al.[12], which applies more beam splitters and
comes of the measurements are possible; some of them sidetectors. We follow a different method: we do not raise the
nify that the desired state is prepared, while the procedursumber of components of the arrangement, but we examine
has to be repeated if the other outcomes are obtained. Thistige facilities introduced by the freedom of using beam split-
similar to discrete variable quantum teleportation: an effi-ters with appropriate parameters. It turns out that a truncation
ciency of the method can be defined, which describes theo as to leave vacuum, one-, and two-photon superpositions
probability of obtaining the proper state. Recently Daknaneeds no significant extension of current experimental exper-
et al. have proposed a scheme in which an arbitrary quanturtise. This generalized quantum scissors device can generate a
state of a traveling electromagnetic field can be generated bprger class of nonclassical states. For example, by cutting a
a method relying on quantum measuremgit]. Their ap- squeezed vacuum state, a coherent superposition of vacuum
paratus, consisting of an array of many detectors and beaand two-photon states can be obtained, which may also be
splitters, has an efficiency depending on the state itselfused as a reference state in projection synthesis, and its
Though this arrangement is capable of generating arbitrargqueezing properties have been analyzed in Ré]. The
states, the efficiency can be quite low in some cases, so thHeuncation of coherent states also makes an interesting class
set of states that can actually be produced with high effiof nonclassical states feasible. The arrangement works for
ciency is restricted. any pure and mixed input state.

In a paper of Pegg, Phillips, and Barngt8] it is shown The other aspect of the operation of the quantum scissors
that a one-mode traveling-wave optical state can be truncatetkvice is quantum teleportation. The suggested realizations
so as to leave only its vacuum and one-photon componentsf this phenomenon can be divided into two groups: telepor-
This is an approach to quantum state design similar to that dhtion of discrete and continuous quantum variables. Our ar-
Daknaet al. The proposed arrangement, called “quantumgument is concerned with the discrete case, which usually
scissors,” consists of two beam splitters and two photonmeans teleportation of the state of a two-state systam
counting detectors. It exploits quantum measurement andbit), though several authors address the question of gener-
nonlocality. As shown by Villas-Bas, de Almeida, and alization to discrete systems with more than two basis states.
Moussa[4], it is a realization of quantum teleportation of a The latter question is discussed by Stenholm and Bardroff
two-state system, the basis states being the vacuum and thE8] in a general form. Our approach is different. The gen-
one-photon Fock state. The above authors analyze the opereralized quantum scissors creates a superposition of vacuum,
tion of the arrangement in a noisy environment. In a veryone-, and two-photon Fock states of a one-mode traveling-
recent papefl4] it is shown that quantum scissors have wave field, and teleports it at the same time. If the input state
good fidelity in the presence of imperfections. The quantunof the generalized scissors is already a superposition of this
scissors device is interesting from at least two points okind, it is simply teleported. This is a teleportation on the
view: quantum state design and teleportation of states of three-dimensional Hilbert space spanned{h§),|1),/2)}.
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[Tout) as input, but the generalization to mixed states is straightfor-
Ds; ward. Our aim is to obtain a truncated state

b= & [ o0 = VN( 0|0} + 72| 1)+ 75| 2)) (2)

s by é D D as output in mode;, N=1/22_| |2 being a renormaliza-

2 tion constant. The operation of the device consists of unitary
evolution and a measurement process. The unitary evolution
[¥12) can be divided into two steps: action of the B&d BS

é1 a3 =bs beam splitters. Operatogs b, andc belong to the stages of
unitary evolution, and their indices refer to the spatial modes.

—e'%sint,  e'%cosr

e mcosr, e ™sint,) (b}
= , (4)

1] \—e"sint, e"cosr, || b}

At the beginning, modes,; anda, are in a given state¥V;,).
FIG. 1. The “quantum scissors” device, the subject of our This is the “reference state” of the projection synthesis. The
analysis. It consists of the B&nd BS beam splitters an®, and ~ State of the whole system of three modes|is) =¥ 1)

D5 photon counters. The numbering of detectors is consistent witt®| Vi) initially.

the indexing of spatial modef¥ ) is the incoming statd ¥, is We describe the unitary evolution in the Heisenberg pic-
the output state. The modeés and a, are in the|¥y,) ancillary ~ ture. In the first step the effect of B®an be described by
state necessary for the operation of the device. The annotation usé@e unitary transformation

in this paper for the annihilation operators of the spatial modes is

shown. bl\ (e i®cosr;, e *rsing)(al

We analyze this particular situation in detail. The discussion b _( ab)’ )
yields suggestive insight into the process of transporting 2 2
quantum_ir)f_ormation in this case. We have alsp investigate%hile the input mode is not modifieégzﬁg. In Eq. (3), &,

Lhtﬁ Egii'tzg%gggg: er generalization: truncating up to theand ¢, are the phase shiftg impartgd tg the transmitteq and
The manipulation of entangled states of the electromag[GerCted beafrlns, and (C]?ﬁh and (s'ml)l. are the transnrlt-Th
netic field is carried out with passive linear multiports in tance and_re ectan_ce of the beam sthter, reAspe_ctlv_e y. 1he

most cases. Although the description of such systems hdi€Xt Step is the action of Bn modesh, andbs yielding
received extensive coverage in the literature, not all the poss, andcs,

sibilities involved in such devices have been exploited up to

date. For generalized quantum scissors the optimization of ot

beam splitter parameters with respect to all of the SU(2) 2

parameters is required. On the other hand, several conse- cl
guences can follow from the symmetry properties of a mul-

tiport. For example, even in the lossless and noiseless casghile ¢,=b,. This is followed by a measurement, i.e., a
guantum teleportation arrangements have a nontrivial "mitabrojection to a photon-number eigenstate in modesand
tion: the no-go theorem for Bell-state detectid®]. In the = .
setup discussed here, such limitations emerge in a partiCL(ff’_' The detectors are assumed to_ bg |deal_ photon counters.
larly clear form as a consequence of the linearity and photof®VeN a reference stael;;) we will find suitable param-
number conservation and thus mainly of the SU(2) symme®t€rs for B and BS to carry out the state truncation de-

: ibed above.
try of the beam splitters. scri . . .
This paper is organized as follows. In Sec. Il the general- 1€ ancillary statéW ) has to be experimentally avail-
ized quantum scissors device is introduced. In Sec. Ill th@Pl€ in order to make the idea of quantum scissors realistic.
possibility of truncation up to the photon components is | e desired output state of E(2) contains a maximum of

considered. In Sec. IV the teleportation aspect is analyzedWO Photons. These two photons originate frbin;), since
Section V summarizes the results. evidently no light reaches the output from the input. Thus

|W1,) has to contain at least two photons. We choose the
Il. STATE TRUNCATION UP TO TWO-PHOTON STATES state| ¥ 1,) =|11), consisti_ng of a pair of temp(_)rally corre-
lated photons, because it can be generated in the way de-
The quantum scissors device is depicted in Fig. 1. Thescribed at the end of this section.
notation used is also shown in the figure. We label the modes Suppose that from¥,)=|11) the BS general beam
with their annihilation operators. We are given an arbitrarysplitter produces the intermediate state

state in the input modes. For simplicity consider a pure

state | V120 = Bol20) + 81| 11) + 5] 02), )
N\ . so the state of all three modes after the first step of unitary
[Vin) IZO o @ evolution is the product of this and the state in ER:

013802-2



GENERAL OPTICAL STATE TRUNCATION AND ITS . .. PHYSICAL REVIEW A 62013802

R . o ¥n [ Bortanin, o teramm, Bogia
(W) =[W)@|Wi)= 2 ¥a(Bol20n)+ B1|11n) + B, 20n)) = >, ——=| —=b]*bI"+ p,b]bIb"+ —=b]*bI" ||000).
= =0 Jnt | V2 2
(6)
As the result of the action of BS |¥') turns into
o0 n n B
|wy=> % > (k)(sinTz)k(COSTz)“‘kei("”r‘(”‘k)”t)(\/—gélzégkégn‘uﬁl cosrye' el iein Tk
n=0 Il k=0
_ ; —ig AtAatkatn—k+1 & 2.2i patk+24tn—k & ; 24— 2i g, ATkATR—k+2
BisinT,e”'7rc cy Cy +\/§(c0572) e“'c, ey +\/§(sm7-2) e ey cy
B2 ; i(p—m)Atk+1atn—k+1
—ZECOSTZ sinre' (= el eg |000). 7)

The output state in the case of a given detection event can Now, given the staté¥ ,,) =|11) incident on BS a set of
now be determined by projecti@”) to the number state parameters for BSand BS have to be found to make BS
corresponding to the result of the measurement carried owapable of generating the state in Ef). with the 8 coeffi-
on modesc, and c;. Due to considerations of photon- cients fuffilling Eg.(9). The intermediate stafel';,) in Eq.
number conservation it suffices to examine the detection5), leaving the beam splitter, is a point of the vector space
events in which the total number of detected photons is 2spanned by the vecto{$20),|11),|02)}. On varying the pa-
Let us examine the case in which one photon on@heand  rameters¢;, ¢,, and r; of BS,, this point perambulates
one onD; detectors are detected in coincidence. It will turnaround a set of points in this vector spalcehis is called the
out that the other two possible detection evéhi® photons  SU(2) orbit of the poin{11).] The coordinates of the param-
on one of the detectors and no photons on the pthes  etrized set of points read
inadequate choices.

After the coincident detection of one photon B and V2 2
one onDj; the state of t'he system becomes the projection ofcog 27,)[11) + — sin(27;)€'#|20) — —sin(27;)e~¢|02),
|w") of Eq. (7) to |11) in modes 2 and 3. The state of the 2 2
output mode obtained this way reads up to a normalization (10)
constant:

where¢= ¢,— ¢, . Equation(9) also defines a parametrized

— /2 cost, sinT,€'"B,7,|0) + cog 27,) B y1|1) set of points in this vector space with coordinates S,
and 33, the parameters being and r,. Each point in this set
represents the appropriate state that is required for state trun-
cation if the parameters of B&re chosen to beg and 7.
The required beam-splitter parameters are the coordinates of
the intersection of the two point sets in E¢8) and (10).

The solution is the following: for the phase shifis
— ¢, = n;— 1, must hold. Otherwise the relative phase of the
Fock components is modified. We may choase= ¢, = 7,

+ /2 cost, sinme 7By y,|2), ®)

wheren= n,— 5, . Comparing to the desired state in Eg),
we see that to achieve the truncation

— /2 cosr, sinT,e'7B,= /2 cosr, sinT,e” 73, = 7,=0, which is convenient, because in this case the ma-
trices in Eqs.(3) and (4) are real. Ther parameters have to
=cod27,) 1=K (9 ~ sausly
tal’(27'1)tal’(27'2) =2. (11)

must hold. This is the condition for th@ coefficients of Eq.

(5). The efficiency of the truncation K2/N, whereN is the

renormalization constant of Ed2). It is maximal if K is  The factorK in Eq. (9), and thus the maximum probability of
maximal (this depends on the deviceand N=1 (this de- detection of the coincidence under discussion, depends on
pends on the input stgtéVhen the beam-splitter parameters the = values.K itself also has a maximum at the optimal
are chosen optimallyK has to be maximal. choice of r parameters,
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the point sets is empty in these cases; thus the state trunca-
tion cannot be carried out using any kind of beam splitter.

In the rest of this section we briefly outline some of the
problems that would arise, in addition to detector imperfec-
tions and noise, if one had to put the quantum scissors
scheme into practice. In order to obtain interference, one has
to ensure the simultaneous arrival of the states at the proper
beam splitters. In the case of interferometric Bell-state mea-
surements with polarization stat¢6,20], the coincidence
event indicating the result of measurement can occur only in
case of proper timing. In our case the number of photons

0.4 e arriving at BS in the input state is not limited, and therefore
0.6 (b) 0.2 coincidence at the detectobs, andD; itself does not guar-
0.4 o antee the simultaneous arrival of the states that have to in-
0.2 ' terfere; we have to possess additional information on the
-og timing of the states. The two-mode stafd) can be gener-
’ ated using nondegenerate parametric downconversion, which
is a prevalent technique even in applied phydi2$,22.
4 B However, direct application of the photon pair that emerges
N in the nonlinear process is not easily applicable to our
Y Ui« 5 - 4 scheme, because in this case there is no indication of the
47y -2 X presence of the photon couple. In the scheme of Pegg, Phil-

lips, and Barnett, one of the photons belonging to a down-
The starting_state is the cohere_nt st:im;: 2). (8 Shows th_e ;:s(zgxsgegfp?r:ghgtLdel(ra')oie?tﬁglK;?grlzuforlr?l%r:,::ylzgs?etv?/é
ng_ner function of Fh_e state obtained using the quantum' SCISsoraOWHCOHVGI’SiOHS are requirdthis may be achieved by re-
device of Pegg, Phillips, and Barnéit3]. (b) Shows the Wigner . -
function of the result of generalized state truncation up to the two l€cting the pump back to the crystal as in R¢#&10]), and
photon states. The realization and teleportation of the latter is théhe coincident detection of the idlers from both processes
subject of this paper. would ensure that the signals are in stdt#) at the time of
the coincidence. This would also be necessary for the scheme
of Villas-Boaset al. [4], who suggest the application of two
T =T7o= 3 arctar = \/2). (120  quantum scissors one after one other. On the other hand, one
has to ensure the simultaneous arrival of the state to be trun-

gated in modeb; and the state in modb, (the reference

FIG. 2. Highly nonclassical states obtained by state truncation

Thus in the optimal case the two beam splitters have to b . . .
identical, with transmittance either 0.21 or 0.79. The opti—State at the beam splitter BS The input _state for the Scis-
mum value of the renormalization factor k6= 1/3. which  SOrs may be a weak coherent state obtained by attenuation of

means that the coincident detection of one photon on eacii® PUMP beam that generated the reference beam. This
detector occurs at most in 1/9 of the cases. In these cases tii@kes the relative timing of the reference and input states
state truncation is successful. The probability is exactly 1/9 iP0SSible, by changing the path length of the latter, similarly
the incoming state is already a superposition of vacuumt® Bouwmeesteet al. [7]. The interference between weak
one-, and two-photon states. This is the case of teleportatiofPherent states and downconverted photons has been ob-
and the teleportation efficiency is 1/9. Otherwise the probServed23-23. The proper arrival of the input state may be
ability is proportional t02§:0|7n|2- The device can be used Vverified by splitting the coherent state with an additional
with success ifN has a low value, i.e., the incoming state beam splitter, and placing a detector at one of the branches.
contains the vacuum, one-, and two-photon states with largAlternatively, one may carry out a coincidence test by apply-
enough weights. ing an additional detector on the output of the scissors de-

As mentioned in the Introduction, there are several intervice. The latter is applicable because once the timing of the
esting nonclassical states that could be prepared with thieference state is guaranteed via the coincidence of the
method. For example, Fig. 2 shows the Wigner functions ofdlownconversion idlers, the only case when anything else
a weak coherent state truncated with the Pegg-Phillipsthan vacuum is truncated occurs if the input state arrives at
Barnett quantum scissors, and with our generalized quantu@S, in time. Moreover, in an experiment the direct verifica-
scissors. Both states are highly nonclassical. Truncation dfon of the success of truncation ensures that the input state
squeezed vacuum states would yield superpositions of thend the corresponding branch of the entangled state have
vacuum and two-photon number states. interfered. The verification of the truncation process may

Let us return to the case of detecting two photons on oneven be carried out via a single homodyne measurement be-
of the detectors and none on the other. These are interestimguse of the very characteristic shape of the Wigner function
counterexamples, since the above discussed intersection of the output state.
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TABLE |. The optimal transmittance (cbs,) of the beam split-  where N=1/S}_,|/? and K are normalization constants
ter BS, and the maximal efficiencyk?) of the generalized quan- andD i« describes both BSand the measurement carried out.
tum scissors device cutting up to timephoton Fock components. |t g easy to show that Eq(14) can be solved for thes

Photon counter®, andD5 countd, andds; photons, respectively. coefficients if and only ifd,+d;=n. That is, we detect a

Many of the entries belong to hypothetical arrangements, which are . ~ ~
not experimentally feasible at the present state of the art. total photon number of. (We consider botfe, andc; as

being in a photon-number eigenstate.

- — —n_ - Just as in the case of truncation up to the two-photon
n d,=n, d3=0 d,=n-1,d;=1 X i !
2 2 component, the desired measurement occurs with a probabil-
cog 7, K cogr, K ; > > ) " .
ity of K“/N. K* describes the efficiency of the truncation as
1 0.5 0.25 0.5 0.25 a function of the parameter, of BS,. An optimal quantum
2 0.5 0.10 0.21 0or 0.79 0.11 scissors device can be obtained by choosingo thatk? is
3 0.5 0.047 0.5 0.047 maximal.
4 0.5 0.023 0.38 or 0.62 0.028 We discuss two detection events, as exampleB.,lde-
5 0.5 0.012 0.5 0.019 tectsn photons and; none, Eq.(14) has the solution
6 0.5 0.0062 0.42 or 0.58 0.012
7 0.5 0.0032 0.5 0.0093 e (K
8 05 00016  0.44 or 0.56 0.0056 Ke™ Tkt 0=kl
Bk= , (15)
\ (n (cosTy)K(sinT,y)" K
IIl. FURTHER GENERALIZATION OF QUANTUM k 2 2
SCISSORS
In this section we present a theoretical investigation of the nd
possibility of further generalization of the scheme discussed
Our aim is now to truncate the number-state expansion of an
arbitrary incoming state up to thephoton component. In n 1 -1
this section we take a more general point of view: we omit K2= 2 (16)
k=0

. . : n
the beam splitter BS and suppose that an intermediate state ( k) (cosT,)%(sin7,) 202K

n

[Wi=2 Bdn—kK) (13

k=0 From Eq.(16) it can be seen that the optimal value of the
. ) (cosm,)? transmittance is 1/2; BShas to be a 50-50 beam
is already prepared by some method. Although it may bepjitter. Forn=1 it is the Pegg-Phillips-Barnett device. For
generated by BSusing some reference stat¥1,), unlike  n=2 the efficiency of the process would be approximately
the case discussed in Sec. Il, we are now not concerned Wiiie same as that for the case discussed in Sec. Il, but unlike
the question of preparing this state at the present state of thg sec. |I, there are no beam-splitter parameters for &S
art. Our aim is the theoretical analysis of the possibilities thatnat it could generate the requiré® ,,) reference state of
would emerge if this state could be prepared. FurthermoreEq. (15) from the statg11).
suppose thab, andD; are ideal photon counters and they  The other example is wheb, detectsn— 1 photons and

are countingl, andd; photons, respectively. The method is p, one photon at the same time. In this case, @d) gives
the same as in the case of the truncation up to two-photon

components: the state of the system after the action ¢f BS

has to be calculated, and the result has to be projected to the Ke [(k=1)m+(n—k=1)7]
appropriate state determined by the measurement result. Theg, = ,
difference is that since BSs omitted, the result will be a set 1/n 1 et 5
of B parameters of Eq13) and parameters of BS ﬁ( k)(COSTz) (sin7,)" " n(cosT,)"— k]
In general, the state obtained reads (17)
\/N @ n n
Vo= — Diklky=+N k 14
| out> K J_ZO kZO IBK')’] jk| > \/—kzo 7k| >1 (14 and
1 -1

(18)

n
K2=[ >
k=0

S|

( E) (cost,) 2K 2(sinT,)?" 2 ?[n(cost,)2—k]?
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For n=2 this is the case discussed in Sec. II. number conservation. The beam splitter does not mix the
Table | contains the optimal transmittance (egpof BS,  states corresponding to differenvalues.

and the maximal efficiency values for the two examples A measurement outcome, detection of given numbers of

above. Note the significant decrease in efficiency for larggohotons onD, and D5 in coincidence, is a projection to a

photon numbers. two-mode Fock state in mode&s, c;. Therefore measure-
ment outcomes can also be grouped into multiplets. We shall
IV. QUANTUM SCISSORS AS A TELEPORTATION see that this multiplet structure explains the teleportation
SCHEME process and its limitations.

Consider now

Let us direct our attention to the teleportation process
involved in the operation of the device described above.
Both the scheme suggested in R¢#6,20 and realized in
Bouwmeesteret al. [7], and the teleportation scheme sug- ) N ) -~ .
gested by Villas-Baset al. [4], based on the quantum scis- &S INPUt state in modas. The output state in mode, is
sors of Pegg, Phillips, and Barnett are optical realizations of/€t€rmined by the outcome of the measurement, and the state
quantum teleportation with two-state systems. The entangle@f the whole system before the measuremg¢it,,). The
state in the latter scheme is generated by beam splitter B®peratorA® creating| W ,,) from the vacuum is a polynomial
from the|V,) reference state, and the analysis in Rél.  of the creation operators!, ¢}, andcl. An outcome of a
shows that a Bell-state analysis is implemented by the BSmeasurement means detection rophotons onD, and m
beam splitter and,,D5 detectors. photons orD5. The state after measurement of such an out-

The generalized quantum scissors described in Sec. Il deome is created from the vacuum by an operator which is a
this operation on three-state systems, namely, the basis stat§$n of all the summands &' containing&}”égm renor-

are{|0),|1),]2)}. If the input of the quantum scissors is the malized. We shall call the operatots"ei™ “outcome op-

superposition of these states, it is simply teleported. If theerators » since thev correspond 1o a given measurement out-
state is an arbitrary state, only its vacuum, one-, and two- ' y P 9

photon components are teleported, and thereby the state pgome. In order to determine the possible output states, one

comes truncated. The role of the entangled state and Bellas to examine the structure Af. i A

state analysis is not as comprehensible as in the above case.As mentioned before, since the operatogsand cg are
We would like to provide insight into the process. This canobtained from the transformation of E@4), it is worth

be achieved by considering the properties of the beam spligrouping the outcome operators into multiplets indexed with

ter transformation. the eigenvaluekof 1. The outcomes in which the total num-

The description of a lossless beam splitter with Schwingeper of detected photons id 2orrespond to the same multip-
angular momenta is well knowf27]. The input and output |et. Let us introduce the notation

operators can be transformed to angular momentum opera-

tors, which are more suitable for examining the action of a . . .

beam spli i i f i 2|M ZCTHmCTFm m=-—1, ... (21)
plitter. Using the notation used for B Fig. 1, m=C2 3 ) i

consider the Schwinger operators

|Win) = %0l0) + 1| 1) + ¥5|2) (20

for the outcome operators. Furthermore, given a set of arbi-
trary coefficients? A,,, m=—1, ... |, let there be

(19 . ! .
2|M_A: Z_l 2|Am2|Mml (22)

a linear combination of outcome operators in ttie multip-
Here | measures one-half of the total number of photonsjet, with coefficients? A depending on the beam splitter pa-
proportional to the energy of the incoming state.is the rameters. Different script letters in the index will mean a
photon-number difference. The two-mode Fock states ar€lifferent set of parameters in this notation.
common eigenstates of these operators. Denoting the eigen- Notice that since the, coefficients in theA" polynomial
values byl andm, the standard inequality |<m=| holds: originate from Eq.(20) and there are always two photons
eigenstates with giveh (given energy can correspond to jnjtially incident in modesa; anda,, the summands i’
2I+1 different values ofm, forming an SU(2) multiplet.  that contain a giveny, have to create a three-mode Fock
These multiplets are labeled by the eigenvdlue.g., forl  state with total number of photors+2. This is a conse-

=1, the states in the multiplet af20), |11), and|02), cor- quence of the linearity of the system. On the other hzﬁ:ljlid,

responding tom=—1,0,1. Similar operators and multiplet . P
structure can be defined for the output states. can appear at maximum as a second powex'ibecause no

Since the beam splitter is passive and lingzssentially ~photons from modayg get into modec; and in queé-l and
an SU(2) devicg the multiplets span invariant subspaces ofa, only two photons are incident. Consequently, has the
the beam-splitter action. This is a consequence of photorfoellowing structure:
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At— o (218 1fq atL 05, at2 3K 2104 Af cannot be factored out. The probability of these outcomes,
A= 7o Mt MCr M)+ T Mp+ I M€y and thus the efficiency of this “distorted teleportation,” de-
Ya o - o o pend on the statgl;) also.

—(4Mg+3MHcI+2MZcIZ). (23 Finally, the outcomes corresponding to the other multip-
V2 lets yield unsuccessful teleportation because some of the in-

_ formation (some of the coefficients describing the input
It can be seen that the multiplet structure suggested by thgatg is irrecoverably lost. This information cannot be re-
nature of the beam-splitter transformation is reflected in th%ained using passive elements, so the “no-go theorem” pre-
structure of the operator creating the output state. Only thggj|s.
outcomes in thé M 4, M., and 2M; multiplets appear
with all three y coefficients. Only the outcomes in these V. CONCLUSION

multiplets can provide teleportation, since the state obtained We have shown how an arbitrary one-mode traveling-

after the measurement on mode depends on all thre¢  \yave field can be truncated to its first three Fock compo-
coefficients. In the case of a measurement outcome COITgents. The method, a generalization of a result of Pegg, Phil-
sponding to_another_mu_ltiplet some of .the information is Iost."pS, and Barnetf13], employs the projection principle. We
The whole information is transferred if the total number of haye also examined the possibility of further generalization.
detecteg phc;'fons Is 2. N This quantum scissors device can be a useful tool for
The ©A, “&, and “'Z coefficients depend on the beam- rayeling-wave quantum state engineering. The states that
splitter parameters. With the parameters determined in Seggn pe prepared with the application of the quantum scissors
Il, 2Ag=2E,="Ty=1/3. In the case of a measurement out-device are highly nonclassical.
come described byM o, I.e., detection of one photon dh, The operation of the discussed device involves quantum
and one orDj in coincidence, the output in modg be-  nonlocality, namely, it is quantum teleportation on a finite
comes the same as the input state in @§). This is a case basis set of the first three Fock states. Thus our scheme pro-
of successful teleportation, which happens in 1/9 of thevides a possible realization of a discrete basis quantum tele-
cases, regardless of the input state in ). portation with three basis states. We have analyzed the prop-
In the case of detecting two photons on eitBeror D5,  erties of this teleportation process in the ideal case. It seems
described by?M _; and 2K, the teleportation is successful ©© US that the argument presented leads closer to an under-
in the sense that information involved [i¥,,) is transferred, standing of the operation and limitations of quantum telepor-

but the Fock coefficients of the state obtained are multiplie&atlon'
by different constants. This is the case analogous with the
detection of other than the singlet Bell state in the original
scheme of Bennettt al.. the output has to undergo a given  Our research was supported by the National Research
unitary transformation in order to obtain the teleported stateFund of Hungarf OTKA) under Contract Nos. T023777 and
Since the coefficients of these summands are not equal, th&@020202. We thank T. Kiss for useful discussions.
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